Citrullination of RGG Motifs in FET Proteins by PAD4 Regulates Protein Aggregation and ALS Susceptibility.
Recent proteome analyses have provided a comprehensive overview of various posttranslational modifications (PTMs); however, PTMs involving protein citrullination remain unclear. We performed a proteomic analysis of citrullinated proteins, and we identified more than 100 PAD4 (peptidyl arginine deiminase 4) substrates. Approximately one-fifth of the PAD4 substrates contained an RG/RGG motif, and PAD4 competitively inhibited the methylation of the RGG motif in FET proteins (FUS, EWS, and TAF15) and hnRNPA1, which are causative genes for ALS (amyotrophic lateral sclerosis). PAD4-mediated citrullination significantly inhibited the aggregation of FET proteins, a frequently observed feature in neurodegenerative diseases. FUS protein levels in arsenic-induced stress granules were significantly increased in Padi4-/- mouse embryonic fibroblasts (MEFs). Moreover, rs2240335 was associated with low expression of PADI4 in the brain and a high risk of ALS (p = 0.0381 and odds ratio of 1.072). Our findings suggest that PAD4-mediated RGG citrullination plays a key role in protein solubility and ALS pathogenesis.